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Th is  repor t  covers a per iod  o f  t r a n s i t i o n  i n  the  colony arrangements. 
O f  th2 s i x  o r i g i n a l  animals acquired more than t5 rce  years ago, four  have 
now been removed from the colony, by reason o f  growth t o  weights beyond 
those reasonable f o r  f l i g h t  experiments, and f o r  reasons o f  d i f f i c u l t y  i n  
cont ro l  and handling. 
h i s t o l o g i c a l  purposes as a check on the accuracy o f  our recen t l y  published 

Two o f  the four  animals were s a c r i f i c s d  f o r  

Stereotaxic A t l a s  o f  the Chimpanzee Brain. 
in  the  12-15 pound range, and i t  i s  an t i c ipa ted  t h a t  t h - y  w i l l  have a 

New'animals are being' acquired 

use fu l  colony l i f e  o f  approximately four years, based on-weight and growth 
curves acquired on the o r i g i n a l  series. 
labora tor ies  i n  the new NASA campus Space Sciences Center duz a t  the end 
of December, 1065, i t  i s  an t i c ipa ted  t h a t  sane aspects o f  the colony w i l l  
be housed there, although, as explained below, the need f o r  computer 
con t ro l  o f  new behavioral t e s t  procedures requi res re ten t i on  o f  animals 
i n  t r a i n i n g  in  the present l oca t i on  in  the Bra in  Research I n s t i t u t e .  

With the occupancy o f  the 

Studies have been completed i n  computer ana lys is  o f  EEG pa t te rns  dur ing 
behavioral task  performance with t i c - tac- toe  procedures, and w i t h  disclosure 
of remarkably constant s h i f t s  in  EEG pat terns dur ing  the d i sc r im ina t i ve  
performances. 
moving animal has ind icated complete f e a s i b i l i t y  f o r  recording continuously 
o r  i n t e r m i t t e n t l y  over a per iod  o f  many weeks. 

Evaluat ion of a small b iotelemetry system i n  the f r e e l y  

With the Apol l o  Appl i c a t  ions Program now launched, our a t t e n t  ion i s  
being d i rec ted  t o  the design o f  a long-duration primate experiment, w i t h  
in tens ive  instrumentation i n  t w o  animals, and arranged t o  provide 
complementary information, on basic s ta tes  and l i m i t s  o f  performance 
c a p a b i l i t i e s  beyond tes ts  now planned i n  the NASA B i o s a t e l l i t e  Program. 
Present e f f o r t  and fu tu re  plans are being d i rec ted  t o  the c o l l e c t i o n  o f  
base-l ine and f l i g h t  f e a s i b i l i t y  data under t h i s  grant f o r  such an experiment. 

A. Computer Analysis o f  EEG Patterns i n  A le r ted  States and dur ing  

Using the  t i c - tac - toe  procedure described i n  previous reports, EEG 
Visual Task Performance. 

a c t i v i t y  was simultaneously recorded from surface leads, and from deep 
structures,  inc lud ing  the hippocampus and amygdala i n  the  temporal lobe, 
and i n  the  mid-brain r e t i c u l a r  formation. Computer ana lys is  by Dr.  D. 0. 
Walter and O r .  J .  Hanley involved a number o f  newly developed procedures, 
which have been evaluated i n  other NASA supported research, inc lud ing  
pa t tem-recogn i t ion  techniques applied t o  data s p e c i a l l y  co l l ec ted  on 50 
Apo! lo astronaut candidates dur ing perception and learn ing  task performance, 
These techniques have involved the development o f  new fams o f  spec t ra l  
ana lys is ,  and most recent ly ,  app l i ca t i on  o f  pa t te rn  recogn i t ion  techniques 
t o  the  output o f  these i n i t i a l  spect ra l  analyses. It should be emphasized 
t h a t  in  s i m i l a r  app l i ca t ions  t o  scalp recordings in  the astronaut candidates, 
the  technique has proven i t s  a b i l i t y  t o  make f i n e  d i s t i n c t i o n s  between EEG 
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pa t t e  rns accompany i ng prog re  ss i ve 1 y more d i f f i cu 1 t task  pe r f onnances , both 
w i t h i n  and between ind iv idua ls  i n  the group. The pa t te rn  recogn i t ion  
method involves a discr iminant analys is  o f  parameters ca lcu lated in  the  
i n i t i a 1 spe c t  ra  1 ana 1 yses . 

Results from one o f  the animals tes ted  in  t h i s  way w i l l  be presented 
here in  some d e t a i l .  The spec t ra l  analyses included ca l cu la t i on  of auto- 
spect ra l  dens i t i es  in  the range from 1 t o  30 cycles per second, w i t h  
spec t ra l  windows 1 cyc le  per second wide throughout t h i s  range. Cross- 
spectra were calculated between p a i r s  o f  leads, based on records from ths  
l e f t  and r i g h t  amygdala, t he  l e f t  and r i g h t  hippocampus, the r i g h t  r o s t r a l  
mid-brain r e t i c u l a r  formation and from c o r t i c a l  areas in  the f ron to-cent ra l ,  
cen t ro -par ie ta l  and pa r ie to -occ ip i t a l  regions. In  the  course o f  these 
cross-spectra1 analyses, coherence functions (which provide a measure o f  
l i n e a r  p r e d i c t a b i l i t y  between the pa i r s  o f  leads), phase angles and spec t ra l  
widths in  any p a r t i c u l a r  'kindow" o f  the spec t ra l  analysis were a l l  
calculated. 
ana lys is  was performed, w i t h  preparat ion o f  a t y p i c a l  ma t r i x  f o r  var iab les  
i n  each b r a i n  wave lead. From 38 var iab les covering a l l  leads, the computer 
selected three as most i nd i ca t i ve  o f  changing s tates i n  the focusing o f  
a t t e n t i o n  in  the  task  performance. They were the increase in  dens i ty  across 
the beta wave band ( f rom 13 t o  25 cycles per second) in  the f ronto-centra l  
surface b r a i n  lead, the s h i f t  in  the mean theta frequency (the band from 4 
t o  7 cycles per  second) in  the amygdala, and the s h i f t  i n  the main theta 
frequency i n  t h e  hippocampus. Add i t iona l  fac to rs  which contr ibuted t o  the 
d i f f e r e n t i a t i o n  o f  the s ta tes  were the i n t e n s i t y  o f  the theta wave a c t i v i t y  
in the amygdala and a l s o  in the hippocampus, and bandwidth o f  the theta 
a c t i v i t y  in  the amygdala and hippocampus. These resu l t s  are summarized i n  
the fo l l ow ing  table, and are the f i r s t  q u a n t i f i e d  analyses o f  t h i s  type 
i n t e r r e l a t i n g  surface and deep-brain s t ruc tu res  i n  t h e i r  patterned a c t i v i t y  
i n  a l e r t e d  s ta tes  and dur ing  task performance. The f ind ings  s t r i k i n g l y  
supported c lass i c  hypotheses t h a t  the  deep temporal lobe regions i n  
p a r t i c u l a r  a re  most sens i t i ve  t o  f i n e  s h i f t s  in  the  s t a t e  o f  consciousness, 
and i t  would be an t i c ipa ted  t h a t  analysis o f  f l i g h t  data gathered i n  
comparable circumstances would s e n s i t i v e l y  reveal any subt le  bu t  important 
s h i f t s  in  s ta tes  o f  a le r tness  i n  prolonged space f l i g h t .  

On completion o f  these basic calculat ions,  a discr iminant 
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b 

Discriminant Selected by Computer l n t e r t r i a l  Records 

Mean S.D. - 
Band i n  Fronto-Central Lead 25.55 5.81 

- 
Total Spectral Energy in Beta 

Mean Theta Frequency in 
Amygdaloid Lead 5.27 0.244 

Mean Theta Frequency in  
H i ppocampa 1 Lead 5.12 0.223 I 

Records During 
V i  sua 1 

Task Performance 

35.60 8.80 

4.P7 0.267 

4.85 0.183 

DIFFERENCES NOTED BUT MOT UTILIZED ey COMPUTER I N  PATTERN RECOGNITION I 
Mean Theta In tens i ty  i n  
Amygda 1 o i d Lead I s.0. - Mean - 

498.3 149.7 

I 1 

Mean Theta In tens i t y  i n  
H i ppocampa I Lead I 304.7 135.2 

I I 

1 
Bandwidth in  Theta Band i n  
Amygda ! o i d Lead I 2.46 0.555 

I 

f c 

1 
Bandwidth i n  Theta Band i n  
Hippocampal Lead I 2.60 0.595 

Mean S.D. - 
572.4 131.3 

2.27 0.519 

~ - 

2.06 0.347 
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B. Development o f  New Tra in ing  Procedures Desirable f o r  Psycho- 

Although the t i c - tac- toe  procedure ou t l ined  above a f f o r d s  a simp e 

t 

phys io log ica l  Test ing i n  Prolonged Space F l igh t ,  

medium t o  t e s t  leve ls  o f  v i s u a l  in tegra t ion  o f  a h igh  order, and a l s o  can 
be establ ished as a c m p e t e t i v e  s i t u a t i o n  between a p a i r  o f  animals, 
was consider?d t o  be less su i ted t o  space f l i g h t  problems than a I'Matching 
t o  Successivc Sample Task" (MSST). 
Weiskrantz and h i s  colleagues for the monkey a t  Cambridge, England, and in  
the form developed here, appears t o  susta in  the chimpanzee's a t t e n t i o n  in 
a fashion a l low ing  adequate a t t e n t i o n  spans i n  appropr iate neurophysiological 
recordings. 

This  technique has been developed by 

The d isp lay  consis ts  of a t ransluscent sample key located c e n t r a l l y  
Upon the faces o f  each key can 
In t h i s  task, each t r i a l  consists 

above a row of 12 s i m i l a r  response keys. 
be pro jected one of 12 possible symbols. 
o f  (a) a sample, (b) a delay, (c) response periods. The t r i a l s  are 
separated by a var iab le  "time-out" i n t e r v a l .  

1. Sample per iod 
Fal lowing presentat ion o f  a cue tone, from one t o  twelve d i f f e r e n t  symbols 
appear randomly and successively upon the sample key, provided the animal 
depresses the sample key dur ing a designated per iod f o r  each symbol. I f  
i t  f a i l s  t o  respond t o  each sample dur ing t h i s  period, then the symbol i s  
"blanked outll. No f u r t h e r  symbols w i l l  appear and the t r i a l  w i l l  be 
entered as void. When the predetermined number o f  symbols have been 
"turned on" by the subject, a second tone i s  presented, and a delay per iod 
begins. 

2. Delay per iod 
During the var iab le  delay per iod a l l  keys remain blank u n t i l  the cmencement 
of the response epoch. 

3. Response per iod 
A t  the onset o f  the response period, the same symbols presented dur ing the 
sample per iod appear in  random but adjacent pos i t ions  a t  the center o f  the 
response d isp lay  (i.e., they are c e n t r a l l y  located when less than 12 symbols 
are being displayed). 
response per iod t o  successively depress each symbol i n  the same order as 
they had been pressed (i.e., were presented) dur ing the sample period. 
Fol lowing each correct  successive response a reinforcement tone i s  presented. 
! f  an incorrect  symbol i s  depressed, the response d isp lay  w i l l  "blank out"  
and a t r i a l  vo id  per iod w i l l  crmmncer I f  a l l  symbols are depressed i n  the 
cor rec t  order, reinforcement w i t h  a banana p e l l e t  or  candy i s  p rw ided .  
Reinforcement i s  thus on a 1:l r a t i o  f o r  each cor rec t  t r i a l .  

The animal is required dur ing the f i n i t e  o v e r a l l  
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This procedure has been developed under cont ro l  by the SDS 930 d i g i t a l  
computer c u r r e n t l y  i n s t a l  led i n  the laboratory, and the necessary programs 
have been w r i t t e n  and thoroughly tested, so tha t  the requirement f o r  a 
small special-purpose f l i g h t  computer t o  program t h i s  task has been found 
feas ib le  , 

The task thus provides three d isc re te  epochs f o r  analysis:  
1. I n f o n a t i o n  a c q u i s i t i o n  
2, Short-term memory storage! 
3. Response 
Moreover, the task w i l l  lend i t s e l f  r e a d i l y  t o  comparative studies of 
performance i n  monkey, chimpanzee, and man. 

C. Evaluat ion of Long-term Biotelemetry o f  B r a i n  A c t i v i t y  i n  the 

Feas ib i l  i t v  has been shown i n  other  studles i n  t h i s  laboratory  t o  
Freely Moving and Performing Chimpanzee. 

telemeter the chimpanzee EEG w i t h  a mult i-channel system using FM 
subcarriers. Although t h i s  system has been reduced i n  physical  s i t e  t o  
packs worn in a f l i g h t  type su i t ,  the s u i t  i t s e l f  const i tu ted a mod i f i ca t ion  
not  des i rab le in  a colony environment. 

For t h i s  reason, we have developed a smaller s ing le  and dual channel 
r n i c r o a i n i a t u r e  device t h a t  attaches d i r e c t l y  t o  the animal's head plugs, 
and thus becomes in tegra l  w i t h  the implant system. 
us ing simple frequency-modulated osci  1 la tors ,  ha5 been proven f o r  a 
maximum o f  on ly  two channels, the  data so gathered has been o f  substant ia l  
phys io log ic  in terest ,  p a r t i c u l a r l y  in  the studies o f  performance, and 
unrestrained sleep. Since the chimpanzee customari ly sleeps i n  a recumbent 
pos i t ion ,  attachment o f  head cables i s  impract ical  wi thout substant ia l  
r e s t r a i n t  t o  thz animal, w i t h  consequent interference w i t h  sleep pat terns 
over an adjustment per iod of  many nights.  

Although t h i s  technique, 

Th s system has provided continuous recording o f  EEG a c t i v i t y  for as 
long as two weeks without ba t te ry  replacements. 
minimal physical  r e s t r a i n t  i s  viewed as a v i t a l  par t  o f  the experimental 
protoco f o r  a t  leas t  one chimpanzee Pn our proposed Apal lo Appl icat ions 
Program Experiment, use of such systems o f  local telemetry in the spacecraft 
w i l l  be of v i t a l  importance. We are  c u r r e n t l y  evaluat ing methods o f  
recharging b a t t e r i e s  by use o f  rad io  frequency systems, i n  view o f  the 
length o f  t h e  proposed f l i g h t  in r e l a t i o n  t o  an t ic ipa ted  b a t t e r y  l i f e .  

Since a conf igura t ion  w i t h  

Since use o f  the system does not i w o l v e  an i n i t i a l  approach t o  t h e  
animal, i t  has been possible t o  record EEG patterns i n  circumstances o f  
sleep and wakefulness t h a t  are t r a d i t i o n a l l y  disrupted by the use o f  
cab 1 e attachments . 


